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Background: Risk assessment for Lynch Syndrome may be a  complex and challenging task.

Demonstration of germline mutations has the  benefits of confirming Lynch Syndrome diag-

nosis  and may also provide screening and surgical orientation for affected members and

relief for non-affected relatives.

Objective: The present paper aimed to critically review the criteria to diagnose Lynch Syn-

drome, focusing the  attention on the new perspective of adopting universal screening for

patients  diagnosed with colorectal cancer.

Methods: We performed a  literature review about the  rationale and preliminary results of

universal testing for Lynch Syndrome.

Results: The use of selective eligibility criteria to determine who should undergo Lynch Syn-

drome testing may fail in a  substantial proportion of cases. Moreover, universal strategy

is  feasible, cost-effective and more sensitive than previous methods. However, there still

exist  problems regarding clinical practice implementation and compliance either by medical

doctors and patients.

Conclusions: Standard guidelines for colorectal cancer screening are not ideal to provide

early detection of Lynch Syndrome patients. And although universal screening has been

associated with an increased identification of Lynch Syndrome patients, a successful imple-

mentation of this approach is still limited by the lack of clinical expertise among physicians,

and also requires standardization of the existing protocols for routine genetic screening.
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is  an  open access article under the  CC BY-NC-ND license (http://creativecommons.org/
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Introdução: A  avaliação de risco para síndrome de Lynch (SL)  pode ser tarefa complexa e

desafiadora. A  demonstração de  mutações na linha germinal resulta em benefícios, como a

confirmação do diagnóstico de  SL e  também pode proporcionar orientações  para a  triagem e

procedimentos cirúrgicos para os membros afetados, além de trazer alívio para  os parentes

não afetados.

Objetivo: Este artigo teve por objetivo oferecer uma revisão crítica dos critérios para o diag-

nóstico de SL, com enfoque na atenção sobre a  nova perspectiva de adoção da triagem

universal para pacientes diagnosticados com câncer colorretal (CCR).

Métodos:  Procedemos a uma revisão da literatura com ênfase nas justificativas e  resultados

preliminares de  testes universais para SL.

Resultados: O uso de  critérios seletivos de  qualificação, com vistas a determinar quem deveria

passar por um teste para SL, pode ser malsucedido em substancial percentual de casos. Foi

também constatado que a  estratégia universal é exequível, com bom custo-benefício e com

maior sensibilidade, em comparação com os métodos previamente utilizados. Contudo,

ainda existem problemas concernentes à  sua implementação na prática clínica e  também

na  cooperação de médicos e de  pacientes.

Conclusões: As orientações padronizadas para a  triagem de  CCR não são ideais, em termos de

se  obter a imediata detecção de pacientes com SL.  Por outro lado, embora a  triagem universal

tenha sido associada a um aumento na identificação de pacientes com SL, a bem-sucedida

implementação  dessa abordagem fica ainda limitada pela pouca experiência clínica entre os

médicos e, além disso, também há a  necessidade de  padronização dos protocolos existentes

para  a triagem genética de rotina.

© 2017 Sociedade Brasileira de  Coloproctologia. Publicado por Elsevier Editora Ltda. Este

é  um artigo Open Access sob uma licença CC BY-NC-ND (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

Introduction

The comprehension and interpretation of molecular mech-

anisms involved in colorectal cancer (CRC) carcinogenesis

have improved a lot during the recent decades. In the era

of personalized medicine, the translation of all the acquired

knowledge into clinical practice represents a major advance

and a very important tool in screening and management

of  the disease.1 In this setting, stratification of patients at

risk through detection of germline mutations implicated in

hereditary syndromes is crucial as it  may  influence clinical

decision-making and cancer surveillance for their relatives.

This is especially true to Lynch Syndrome (LS) patients, the

most common hereditary CRC syndrome (one in 35 patients

with CRC), comprising 3–5% of all CRC burdens.2–4

Since Aldred Scott Warthin concluded that there was

“some influence of heredity on cancer” in his 1895

manuscript,5 LS has been the object of many investigations

and received different nomenclature over time (cancer family

syndrome, hereditary nonpolyposis colorectal cancer).  Nowadays,

the eponym LS renders an  homage to Dr.  Henry Lynch after

his 1966 seminal paper that comprehensively described this

condition as having an autosomal-dominant inheritance pat-

tern and an early age of onset (average age at onset <45 years)

and involving adenocarcinomas of the colon, endometrium,

and stomach.6

Main  characteristics  of Lynch  Syndrome

LS is a  disorder caused by a germline mutations in a  mismatch

repair (MMR) gene (MLH1, MSH2, MSH6 and PMS2) or dele-

tion in the epithelial cell adhesion molecule (EPCAM) gene

leading to the closely linked MSH2 loss of expression. Pro-

teins related to these genes may  recognize nucleotides that

have been inadequately incorporated. Thus, the absence (or

inactivation) of such proteins are leads to accumulation of

cellular mutations and a  variable lifetime risk of CRC.7 Con-

sequently, CRC screening in this population is  fundamental,

as those patients develop CRC earlier than normal subjects

(mean age  44–61 years). In MLH1 and MSH2 mutation carriers,

this risk approaches 30–74% of patients, while lower figures

were reported among women (30–52%), in patients with MSH6

(10–22%) or PMS2 (15–20%) mutations.8

This CRC risk is due to an adenoma–carcinoma progres-

sion ratio of 1:1 (estimated adenoma–cancer transformation

time 1–3 years), as compared to sporadic cancers that have a

ratio of 30:1 (estimated adenoma–cancer transformation time

8–17 years).9 Consequently, LS patients and those at risk have

been advised to undergo colonoscopy every 1–2 years after

20–25 years of age. Other common clinical features in LS colon

tumors are proximal location, mucinous differentiation and

increased rates of multiple (synchronous or metachronous)

lesions.10
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There also exists a modest increased risk of extracolonic

cancers arising in the stomach, ovaries, small bowel, hepa-

tobiliary epithelium, urinary tract and sebaceous glands.8,11

Particularly, females with LS have a 28–60% lifetime risk for

endometrial cancer (EC), so they are advised to  perform annual

pelvic examination/endometrial sampling after 30–35 years of

age.10,11

Over the years, many  institutions have abandoned tradi-

tional screening programs  in favor of a universal screening

approach. For this reason, it is  now necessary to discuss issues

about the viability of performing and implementing strategies

of universal tumor screening for all CRC patients.

Problems  and  limitations  to identify  Lynch
Syndrome  patients

The identification of patients carrying MMR  gene mutations

is of crucial importance for cancer surveillance and preven-

tive measures. Although patients with CRC or EC represent

the most effective way to identify LS, specific educational

programs directed to the general population and physicians

would probably increase their awareness regarding hereditary

CRC, with positive effects on LS identification.

Risk assessment for LS may be a  complex and challeng-

ing task even for physicians specialized in familial cancer, as

they believe LS is  probably under diagnosed.12 This perception

comes from the recognition that almost 28% of LS patients

may be missed due to the low sensitivity and efficiency of the

current used strategies.13–15 Moreover, LS diagnosis presents

other limitations regarding terminology, patient acceptance,

public health implications and cost of genetic tests. Neverthe-

less, some of these barriers have been surpassed in different

ranges.

First of all, we have to know what we  are talking about.

Different terminology is  used to separate patients with dis-

tinct clinical features when compared to LS.16 Thus, while

hereditary non-polyposis colorectal cancer defines patients

presenting Amsterdam criteria, LS  is reserved only for those

exhibiting MMR  or EPCAM gene mutations. To add more con-

fusion, patients presenting microsatellite instability (MSI) or

immunohistochemistry (IHC) abnormalities but no germline

mutations are referred as Lynch-like syndrome. And finally,

those with Amsterdam criteria without MSI in  tumor test are

classified as  Familial Colorectal Cancer Type  X.

LS patients may  be identifiable with the aid of different

approaches such as clinical data, prediction models, tumor

testing, germline testing, and universal testing.10 Tradition-

ally, indications for either tumor or germline testing were

based on criteria derived from expert consensus (Amsterdam

Criteria or Bethesda Guidelines). The Amsterdam Criteria17

requires the attainment of a  detailed family history and sen-

sitivity is less than 50%, besides being broadened in  1999

to incorporate extracolonic tumors.4,18 Due to  loss of iden-

tification of a  great number of mutation carriers, Bethesda

guidelines were proposed in 1997 and revised in 200419 to

include family history and specific pathologic features of CRC.

They were less restrictive and presented sensitivity greater

than 72%.4

It is well  recognized that some LS families may  not meet

both criteria and guidelines. Conversely, despite meeting

them, some families will not express germline alterations

in any MMR genes. Moreover, family history is not always

available. Consequently, their use have rendered criticism and

limited implementation of these criteria in  clinical practice.

The demonstration of germline mutations by tumor test-

ing has  the benefits of confirming LS  diagnosis and, doing so,

it may  provide screening and surgical orientation for affected

members and relief for non-affected relatives.7 Tumor test-

ing is made by polymerase chain reaction (PCR) to  identify

MSI, and/or IHC to  detect protein products expressed by MMR

genes.

MSI tumors with loss of MLH1 protein are likely secondary

to  somatic events, while loss of MSH2, MSH6 or PMS2 pro-

teins are likely from a germline mutation.7 As  10–15% of

sporadic CRCs may  also exhibit MSI, MSI+ patients with no

MLH1 expression are suggested to  undergo additional tumor

testing (BRAF), as this occurs in 75% of cases as a  result of

somatic promoter hyper methylation.20 There is a  strong con-

cordance between both tests, with specificity close to 90%.21

While MSI  analysis presents 93% sensitivity in detecting MMR

deficiency in  MMR  mutation carriers, IHC testing allows for

target mutation analysis.10

Rationale  and  perspectives  of  universal  testing

Occasionally, the consequence of an unexpected CRC diag-

nosis in a young patient in a  non-suspected LS family

is  inappropriate management (partial resection of colon,

non-indication of a  prophylactic hysterectomy or lack of extra-

colonic tumors screening). Moreover, relatives at risk would

not be advised to undergo genetic testing. This scenario

explains why the idea of exploring systematic testing for LS

independent of clinical criteria has gained increasing accep-

tance in the literature.

The strategy of screening all cases of newly  diagnosed CRC

for LS has  been referred to as “universal screening”.4,22–26 In

2005, Hampel et  al.24 reported that among 2.8% of LS  patients

diagnosed by universal screening, half of them had more  than

50 years of age, and 25% did not  meet either Amsterdam or

the revised Bethesda criteria. Later in 2009, the Evaluation

of Genomic Applications in  Practice and Prevention (EGAPP)

Working Group (EWG) incorporated the  suggestion of the

Jerusalem Workshop to perform routine genetic testing for all

CRCs in patients younger than 70 years.27 This independent

group (EWG) formed by multidisciplinary experts published

an evidence-based recommendation to perform screening for

LS  on all newly diagnosed CRC by PCR-based MSI  testing or

IHC, in order to reduce morbidity and mortality among their

relatives.28

Further studies clearly demonstrate that selective eligi-

bility criteria to  determine who should undergo LS testing

would fail in  a substantial proportion of cases, considering

the missed diagnosis of the patient with CRC and relatives

at-risk.8,20,29 The establishment of this approach allowed

the identification of a  substantial rate of mutation carriers

(2.4–3.7%) and led to the perception that 12–28% of these cases

would not be  diagnosed based only on clinical/pathological

selection criteria.4,13–15,30,31
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Progressively, the  2009 EGAPP proposition received sup-

port from many experts who believed that implementation

of universal LS screening on a population level is worth pur-

suing. It has been demonstrated that the  benefits outweighs

harms,20,32,33 and that it  is highly cost-effective.22,23 Follow-

ing this tendency, some leading cancer institutions and public

health agencies created the Lynch Syndrome Screening Net-

work (LSSN) in 2011. The main purpose was to implement LS

screening for both CRC and ECs. According to  this project, the

involved entities are encouraged to share resources, protocols

and data; moreover, access to experts in LS screening should

be facilitated.34

The feasibility and effectiveness of such program are well

observed in an interesting publication from the  Cleveland

Clinic, where the Implementation of universal MSI/IHC, along

with effective multidisciplinary communication and plans of

responsibility for patient contact, resulted in increased iden-

tification of patients with LS.32

In Europe, the Mallorca group (formed by 35 specialists

from 13 countries) recently published the revised guidelines

for the clinical management of LS,  recommending to perform

analysis of all CRC younger than 70 years by IHC of the four

MMR  proteins (MLH1/MSH2/MSH6/PMS2) or MSI.35 Tumors

that demonstrate loss of MLH1 should undergo BRAF testing

or MLH1 promoter hyper methylation analysis. This statement

was  further incorporated in the updated NCCN guidelines for

Genetic/Familial-Risk Assessment.36

The US Multi-Society Task Force on CRC has  also endorsed

this change toward universal LS screening.10 This group

emphasized the need for appropriate infrastructure and the

opportunity to perform the tumor testing on preoperative

biopsy specimens, in order to facilitate tumor testing. Proba-

bly, this level III evidence may  help standardize the existing

protocols for routine LS genetic screening within US, as  a

previous evaluation in 2010 showed a  variable scenario char-

acterized by the  use different combinations of preliminary

tumor testing (e.g., MSI  only, IHC only, MSI  and IHC, and IHC

with BRAF), as well as  non-uniform patient/family consent and

follow-up procedures.36

However, it  should be acknowledged that a  success-

ful implementation of such recommendations might face

many  challenges. Firstly, the most significant barrier is  the

general lack of clinical expertise regarding genetic tests

among physicians Laura Valle, fact that raises the need

for improving the  awareness and comprehension of genetic

tests among cancer care providers.37 For this matter, educa-

tional material containing updated information should be also

developed. Secondly, indication of these tests requires pre-

and post-counseling, in order to  discuss and explain clini-

cal, psychosocial, financial, and ethical issues that may  come

up during this process.10 Thus, cooperation and integration

among the involved specialists (gastroenterologist, colorectal

surgeon, gynecologists, geneticist, genetic counselor, oncol-

ogist, etc.) is essential. Other important issues include

population access, costs and protocols standardization.11,32

Additionally, one should recognize that estimates of benefit

might be compromised in families with lower penetrance and

later age of onset (such as  MSH6 and PMS2 mutation carriers).

In summary, standard guidelines for CRC screening are

not safe to provide early detection or prevention for LS

malignancies, mainly because they usually occur at young

ages. Otherwise, the  universal LS screening strategy is more

sensitive than previous methods and may  have several

potential benefits. Unfortunately, the many  difficulties to

implement it in clinical practice has made compliance with

this idea spotty at best.25 The scientific community and gov-

ernment institutions should focus their efforts to discuss how

universal screening should be performed, rather than if it

should be done. The task is to  push research and clinical set-

ting feasibility to the  population level. For the future, there is

also hope for greater availability and decreased costs of panel

testing for germline mutations in genes involved in carcino-

genesis.
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